drying on the properties of protein. Some proteins lose their solubility by being dried, many do not. The reason for this difference is not clear. Hemoglobin and the serum proteins can be dried without becoming insoluble (Hardy and Gardiner, 1910) but thyroglobulin becomes insoluble if it is dried (Heidelberger and Pedersen, 1935-36) . In some proteins, the yellow oxidizing ferment and the "Zwischenferment" of Warburg, if there is any change in configuration on drying, it must be very small, for after drying these proteins cannot only be re-dissolved, but it is found that their enzymatic activities are unimpaired (Theorell, 1935; Negelein and Gerischer, 1936) . On the other hand, if a casein preparation observed to be monodisperse in the ultracentrifuge is dried and then re-dissolved, it is found to be polydisperse (Carpenter). The effect of dehydration on the x-ray diffraction photographs obtained from proteins has been investigated by Bernal and Crowfoot (1934) , by Astbury and Lomax (1935) , and by Astbury, Dickinson, and Bailey (1935) .
Dehydrated myosin is dissolved less readily than is myosin which has been denatured by acid. Myosin denatured by acid readily dissolves in 0.01 N hydrochloric acid and, on the other side of the isoelectric point, in 1.2 ~ potassium chloride solution at pH 8. If dehydrated myosin is kept in these solutions in the cold for as long as 4 weeks no more than a trace dissolves. When myosin coagulates in muscle, it too is insoluble at pH 8 and in 0.01 N hydrochloric acid.
The SH groups of the following soluble and insoluble preparations of myosin were investigated: native soluble myosin, myosin denatured by acid, myosin coagulated by dehydration, myosin coagulated by dehydration, and then treated with acid. SH groups were estimated by their reaction with iodoacetate, using a method that has been previously described (Mirsky and Anson, 1934-35) . In this procedure myosin is treated with an excess of iodoacetate, subsequently hydrolyzed, and the cysteine content of the hydrolysate estimated. The decrease in cysteine content as compared with that of protein not treated with iodoacetate is a measure of the number of "active" SH groups detectable in the protein before it was hydrolyzed. In a native protein the number of detectable groups depends upon the pH. All estimations were made at pH 7.6 because in this region slight variations in acidity do not affect SH groups and because at pH 7.6 iodoacetate reacts with all the SH groups of myosin denatured by acid. The coagulum obtained by dehydrating a frozen myosin solution is of such a delicate, filmy texture that it is unlikely that any serious barrier is offered to iodoacetate as it penetrates the protein. 
EXPERIMENTAL
The myosin used in these experiments was prepared from cow muscle. The method of preparation differed only slightly from that described by Howe (1924) and Edsall (1930) . Instead of precipitating myosin by dilution with water, it was found more convenient to precipitate it by placing the solution in a cellophane tube and dialyzing against distilled water. The final precipitate was washed with 0.1 M NaC1 to shrink its volume. Part of the precipitated myosin was placed in a chamber at -25 ° for 3 days. Another part was placed in a desiccator at -3 ° where it was continually evacuated with a pump for 36 hours. A sample subsequently dried in an oven at 110 ° lost 7 per cent of its weight. A swollen, salt-free precipitate of myosin was placed in the cold evacuated desiccator. This preparation clung very tenaciously to its water, and only after a week did the myosin appear to be dry. It was found to be insoluble. When the salt-free myosin which appeared to be dry was heated to 110 ° it lost 50 per cent of its weight within a few minutes and no more on more prolonged heating.
To test the solubility of both the myosin frozen at -25 ° and that dried at -3 °, samples were placed in 0.01 N HCI and in 1.2 ~ KCI brought to pH 8.0 by addition of M K~HPO4. These suspensions were kept at 0 ° for 4 weeks. The super-natant fluids at the end of this time gave only a slight turbidity on addition of an excess of trichloracetic acid, indicating that only a trace of protein dissolved. Soluble native myosin coagulated by trichloracetic acid quickly re-dissolved in both 0.01 HC1 and in alkaline 1.2 ~¢ KCI.
The method of estimating SH groups of myosin by their reaction with iodoacetate has previously been described (Mirsky and Anson, 1934-35) . All reactions with iodoacetate were in pH 7.6 phosphate buffer. The results of the final measurement can be known qualitatively after the reaction with iodoacetate by testing the various protein samples with nitroprusside and ammonia. Preparations that were treated with acid and then with iodoacetate gave no color with nitroprusside; dehydrated myosin gave a fairly intense color, although not as intense as before the reaction with iodoacetate.
RESULTS
The conclusion to be drawn from these results is that, despite a certain resemblance, coagulation by dehydration is a distinctly different phenomenon from the coagulation produced by such agents as heat and acid. Wherein the difference lies has recently been indicated in a general theory of denaturation and coagulation (Mirsky and Pauling, 1936) ." In denaturation the configuration of the molecule is profoundly changed, and as a consequence the protein becomes less soluble, readily forming a coagulum. In dehydration, when the shell of water surrounding the protein particle is removed, the outer groups of the particle unite with the outer groups of other particles. On restoring water these bonds may be readily broken so that the protein re-dissolves, as in methemoglobin and the serum proteins; and in some proteins (such as the yellow ferment) if there is any disturbance at all in the configuration of the molecule, it is trivial. In myosin the bonds formed between protein particles by dehydration remain even when water is restored, and, although there is probably some change in internal configuration, the behavior of SH groups shows that the change is far less pronounced than after the action of heat or acid. If native myosin, like other native proteins, is considered to have a special configuratton, it would appear that after dehydration myosin still has a special configuration, possibly somewhat different, however, from that of native myosin, whereas after treatment with heat or acid only the "debris of the original special configuration" remains.
The importance of coagulation by dehydration for an understanding of coagulation in the egg and in muscle is that by an exceedingly simple procedure there is produced a change in the isolated protein which resembles the change that occurs in protein while it is still part of the living cell. The significance of this resemblance will be discussed in a paper on the coagulation of myosin in muscle.
SUMMARY
When myosin is dehydrated it becomes insoluble. The number of detectable SH groups in myosin coagulated by dehydration is the same as in native soluble myosin. In this respect coagulation by dehydration differs from coagulation brought about in any of the other ways now known, but resembles the coagulation that occurs in muscle during rigor and in the egg after fertilization.
